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Abstract
Background
In this prospective observational study, we aim to explore the relationship between age and BIS values at different plasma concentrations
of propofol.
Methods
Fifty children aged from 3 to 15 years were included. Anaesthesia was induced using a target controlled infusion of propofol with the
Kataria pharmacokinetic model together with a bolus of remifentanil followed by a continuous infusion rate at 0.2 mcg kg min . Target· 1· 1
plasma propofol concentration was initially stabilized to 6 mcg ml  and continued for 6 minutes. The target was then decreased and· 1
stabilized to 4 mcg ml  and then to 2 mcg ml . BIS values, plasma propofol concentration and EEG were continuously recorded. In order· 1 · 1
to explore the relationship between variations in propofol concentration and the EEG bispectrum, we used a Multiple Correspondence
Analysis (MCA). Results are shown in median (range).
Results
We found no statistical difference between BIS values with propofol 6 mcg ml  23 (12 40) and propofol 4 mcg ml  28 (9 67). At 2 mcg ml ,· 1 – · 1 – · 1
BIS was significantly different 52 (24 71) but a significant correlation between the age of children and BIS values was found (r 0.66;– 2=
p<0.01). There was little change in children s position between 6 mcg ml  and 4 mcg ml  in the structure model of the MCA. From 4 mcg’ · 1 · 1 ·
ml  to 2 mcg ml  the position of children moved only on axis 2.1 · 1
Conclusions
These results showed the difficulty to interpret BIS values because of the absence of significant change for higher plasma propofol
concentration variation or because of the link with age for the lower plasma concentration.
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In the paediatric population, the ability of the Bispectral Index (BIS) to accurately follow variations in anaesthetic agent concentration and
evaluate depth of anaesthesia remains controversial. It has been shown in recent studies using various volatile anaesthetic agents that BIS
values were linked to the age of children irrespective of the volatile agent used ( ). In addition, there is good evidence that BIS values are1–5
agent dependent for the same level of MAC (minimal alveolar concentration)( , , ).4 6 7
Propofol is widely used for both sedation and general anaesthesia in adults and children. Few studies have attempted to evaluate BIS
variation under target controlled infusion (TCI) with propofol in a paediatric population.
In this prospective observational study, we aim to explore the relationship between age and BIS values at different estimated plasma
concentrations of propofol and to analyse the EEG bispectrum modifications induced by this hypnotic.
Patients and methods
After approval from the Humans Studies Committee, and with written parental consent, 50 ASA I or II children aged from 3 to 15 years
were recruited into our study. Children with central neurological disease and those taking medication acting on the central nervous system were
excluded. No children were premedicated. Before arriving in the operating department, an EMLA patch was applied on both hands. Prior to
induction of anaesthesia, BIS paediatrics leads (Aspect Medical Systems, Newton, IL, USA) were placed according the manufactures
instructions and connected to Aspect XP  device. EEG leads (3M Red Dot Silver/Silver Chloride model 2269T, 3M Health Care, St Paul,™
USA) were placed adjacent to the BIS leads.
After intravenous access had been obtained, we pre-oxygenated children and induced anaesthesia with a bolus of remifentanil (1 mcg kg· 1−
over 1 minute) followed by a target controlled infusion (TCI) of propofol using an Asena  syringe driver (Alaris  Medical Systems, Alaris® ®
Medical UK Ltd, Basingstoke, UK) with the Kataria pharmacokinetic (PK) model (weight-proportional age-adjusted) software ( ).8
Remifentanil was continued at 0.2 mcg kg min  until the end of the study protocol. The initial target plasma propofol concentration was set· 1− · 1−
at 7 mcg ml  to permit intubation without the use of muscle relaxants. After tracheal intubation all children were ventilated in oxygen/air to· 1−
maintain normocapnoea. Target plasma propofol concentration was then decreased to 6 mcg ml  and after this target was reached, it was· 1−
maintained for 6 minutes to obtain a stationary EEG bispectrum (defined as the absence of statistical difference in bispectral parameters during
the last minute of each steady state). The target plasma concentration was then decreased to 4 mcg ml  and maintained at this level for a· 1−
further 6 minutes, and then finally the target plasma concentration was decreased to 2 mcg ml  and maintained for the final 6 minutes of the· 1−
study protocol. During the study period there was no surgical stimulation. No others drugs were administered. BIS values and plasma
concentration of propofol were continuously recorded using the Rugloop  device. Raw EEG was recorded using PowerLab  software (AD® ™
Instruments, Castle Hill, NSW, Australia). All recordings started before induction of anaesthesia and were continuous until the end of the study
protocol. Raw EEG and EEG bispectrum were mathematically processed as described previously ( ). EEG bispectrum was estimated on1
successive epochs of 20 s using MATLAB  software. Each EEG bispectrum was divided into 36 blocks of frequency of coupling ( ).© figure 1
The mean of the bispectrum for each block was then calculated so that each child was represented by 36 descriptors evolving over the time of
recording.
For statistical analysis, correlation between BIS values (taken as the median value during the last 30 s of each plateau phase) and age of
children was evaluated by means of a Spearman test. A Wilcoxon test was used to establish significant changes in parameters at various points
during the decrease of propofol plasma concentration. In order to explore the relationship between variations in plasma propofol concentrations
and the EEG bispectrum, we used a Multiple Correspondence Analysis (MCA). The structured model of the MCA was derived from previous
recordings of children anaesthetised with sevoflurane, and was explained in detail in this study ( ). The change in position of children within1
the structured model of the MCA is determined only by changes in the EEG bispectrum during the decrease of plasma propofol concentration.
All results are described as median (range). A P-value <0.05 was considered significant. All statistical analyses were performed with the BI©
LOGINSERM 1979/1987 software.
Results
Complete recordings were obtained in all 50 children. The median (range) age and weight were 95 months (40 182) and 25 kg (13 60)– –
respectively. Physiological variables at the various target plasma propofol concentrations are shown in . The BIS values at differentTable 1
plasma propofol concentrations are represented in . We found no statistical difference between BIS values under anaesthesia withFigure 2
propofol 6 mcg ml  23 (12 40) and propofol 4 mcg ml  28 (9 67). With propofol 2 mcg ml  BIS was significantly different 52 (24 71). A· 1− – · 1− – · 1− –
significant correlation between the age of children and BIS values was found at propofol 2 mcg ml  (r 0.66; p<0.01) ( ) but not (r· 1− 2= Figure 3 2=
0.02) and 4 mcg ml  (r 0.2). In a sub-group of children in whom there were no episodes of burst suppression, correlation between the age of· 1− 2=
children and BIS values was poorly improved (r 0.04 at 6 mcg ml  and r 0.3 at 4 mcg ml ).2= · 1− 2= · 1−
At a target of 6 mcg ml , 55  of the EEG recordings showed episodes of burst suppression. At 4 mcg ml , there were episodes of burst· 1− % · 1−
suppression in 19  of EEG recordings. At 2 mcg ml  there were no episodes of burst suppression.% · 1−
The position of children anaesthetised with propofol at 6, 4 and 2 mcg ml  in the structured model of the MCA is shown in . As· 1− Figure 4
propofol concentration was decreased there was little change in children s position between 6 mcg ml  and 4 mcg ml . From 4 mcg ml  to 2’ · 1− · 1− · 1−
mcg ml  the position of children moved only on axis 2. There was no change in position in the structured model of the MCA during the· 1−
decrease in propofol concentration in the sub-group of children with no episodes of burst suppression (data not shown).
Discussion
In our study, BIS values did not change during a decrease in plasma propofol concentration from 6 mcg ml  to 4 mcg ml  using the· 1− · 1−
Kataria PK model (weight-proportional age-adjusted). During a further decrease to 2 mcg ml  BIS values did rise significantly, but at this· 1−
target concentration of propofol, we found that BIS values were significantly correlated with children s age.’
There are studies that have examined the correlation between BIS values and sedation scores using propofol either by intermittent bolus or
variable infusion. However, these sedation scores, for example the Observer s Assessment of Alertness/Sedation (OAAS) scale or University of’
Michigan Sedation Scale (UMSS), can be unreliable in a clinical setting, hence the need for an objective, quantitative assessment of the level of
sedation ( , ). The use of the BIS monitor to accurately determine the correct level of sedation was initially developed in adults ( ). Its9 10 11
validity in a paediatric population is still controversial because of inter-individual variability, and the difficulty in detecting deep sedation (12–
). The large variation of BIS values seen in this study at 2 mcg ml  target-controlled plasma propofol concentration could be mainly due to15 · 1−
the influence of age, as we have seen during sevoflurane anaesthesia ( ), and also with anaesthesia using desflurane and halothane ( ). This1 4
alone could explain the inter-individual variability in children. Few studies have examined the relationship between the BIS and anaesthesia
with target controlled infusion (TCI) of propofol in a paediatric population. In a recent study, Park and colleagues studied changes of bispectral
index when decreasing propofol concentration until awaking in a paediatric population ( ). They showed a poor correlation between predicted16
propofol concentrations and BIS values during emergence. Moreover, they noted large interindividual variations of BIS at any given
concentration. These findings have significant clinical implications. For example, the use of a protocol in which the BIS monitor alone is used
to guide propofol sedation to a target BIS score of 45 we would suggest is inadequate in a paediatric population as we found this target value to
be associated more with general anaesthesia than with sedation ( ). Furthermore, to assume that a particular level of BIS in a paediatric17
population denotes the same pharmacodynamic effect (or depth of anaesthesia) could lead to erroneous results in studies using this monitor to
titrate to a standardised anaesthetic effect. In a study by Munoz and colleagues, anaesthesia was titrated to reach a BIS value of 50 in order to
calculate and to compare the effect site concentration of propofol in both a paediatric and an adult population ( ). No difference was found18
between effect site concentration (EC50 value) in the two populations, but it would be interesting to calculate this parameter for different
sub-populations of age in the paediatric group.
It is possible that the validity of the Kataria PK model could perhaps explain the difference in BIS values with age. However, Kataria and
colleagues showed that including age as a covariate produced only a very small improvement of the pharmacokinetic model (in contrast to
weight). In our study, even if age of children ranged to 15 year old, the distribution of weight was similar to that of the population used to
validate the model. However, we can not exclude that these results could be in part linked to the large variations in plasma concentrations of
propofol according to age. Unfortunately, our study was not to validate this model using plasmatic concentration measurement. On the other
hand, Park and colleagues ( ) have shown same scattering of BIS values in children using another pharmacokinetic model (Marsh).16
Another explanation for the variation of BIS with age is the difference in the pharmacodynamics of propofol in younger and older children.
The MAC of volatile agents varies with age of children, and so might TCI propofol requirements. To our knowledge, there is no study in a
paediatric population that have determined propofol plasma concentration according to age to obtain equivalent level of clinical anaesthesia.
However, BIS values in all children were obtained during a stationary EEG bispectrum, suggesting that the pharmacodynamic effect was
stable, and secondly we found no influence of age on the BIS at 4 mcg ml  or 6 mcg ml  which would be expected if the only explanation· 1− · 1−
was this difference in pharmacodynamic properties.
In this study we used remifentanil to achieve good intubating conditions, and to represent normal clinical practice with the use of a
hypnotic and an analgesic agent to provide general anaesthesia. Remifentanil could be implicated in our findings of a variation of BIS with age.
However, in an adult population, Bouillon and colleagues showed that coadministration of remifentanil did not alter the pharmacokinetic of
propofol ( ). Pharmacodynamically, Minto and colleagues have described age-dependant EEG modification when using remifentanil in adults19
( ), but the doses of remifentanil used in this study were much higher than those used in our study, and the effect of remifentanil on Bispectral20
Index remained unclear. The addition of remifentanil to propofol does seem to have a significant clinical effect, with loss of verbal command or
eyelash reflex seen at higher BIS value than with propofol alone ( , ). However, Schmidt and colleagues found no difference in BIS values21 22
during propofol-remifentanil anaesthesia when remifentanil was stopped ( ). Similarly, Wang and colleagues showed no modification of23
EC50 of propofol when remifentanil is added, even up to a rate of 0.4 mcg kg min  ( ). The influence of remifentanil on our results cannot· 1− · 1− 24
be ignored, but we would argue that it has little effect on the bispectral modification in the dose we used, especially in the absence of noxious
stimulation.
Using the Multiple Correspondence Analysis (MCA) it is easy to see the difference between the EEG bispectrum of children anaesthetised
with propofol rather than with sevoflurane or desflurane. In the MCA there are certain discriminating frequencies of coupling (Pi) that
determine a child s position in the model. Higher values of P1, P2 and P9 (low frequencies less than 8 Hz) position children towards the right,’
and higher values of P2, P16 and P17 (intermediate frequencies 8 12 Hz) position children towards the upper half of the model. Under propofol–
anaesthesia higher frequencies in the EEG bispectrum predominate (greater than 12 Hz) and this explains the left and downward shift in their
position compared to the positions seen with sevoflurane and desflurane (with halothane being entirely different altogether). This downward
and left-shifted position in the MCA found in children deeply anaesthetised with propofol (4 mcg ml  and 6 mcg ml ) could have been in· 1− · 1−
part explained by episodes of burst suppression found in a large proportion of children. However, when we analyzed the position, and change in
position, of a sub-group of children in whom no burst suppression was seen, there was no modification to the position of these children in the
structured model of the MCA. EEG bispectrum modifications (in certain frequencies of coupling) induced by propofol are therefore
significantly different to those induced by the volatile agents. The change in certain frequencies of coupling with decreasing plasma propofol
concentration are similar in some respects to the changes we saw from 2 MAC to 1 MAC sevoflurane and desflurane in a previous study ( )4
along axis 2 in contrast to the changes on axis 1. Given that BIS values in this model are linked to changes along axis 1 (see previous study 1)
this could explain why BIS could not detect the decrease of concentration between 6 mcg ml  and 4 mcg ml  We would therefore suggest· 1− · 1−
that the variation in BIS we have seen with the decrease in plasma concentration to 2 mcg ml  cannot be explained by a change in EEG· 1−
bispectrum detected by this monitor, and is probably due to modification of other aspects of the BIS algorithm. The advantages of bispectral
over spectral analysis in determining depth of anaesthesia have been brought into question by Miller and colleagues ( ). Our results support25
this argument in a paediatric population, in particular if frequencies of coupling that are affected when decreasing hypnotic agent are not those
used by the BIS monitor.
In summary, when using remifentanil and propofol TCI (Kataria PK model) in a paediatric population, it seems difficult to interpret BIS
values because of the absence of significant change for higher plasma concentration variation or because of the link with age for the lower
plasma concentration. Moreover, the difference of modifications in frequencies of coupling in the EEG bispectrum induced by propofol
anaesthesia certainly emphasizes the importance of specifying the agent being used and the age of children when interpreting values given by
monitors using the EEG bispectrum to determine depth of anaesthesia in children. A modification of the BIS algorithm could perhaps improve
the performance of this monitor.
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Fig 1
An example of the representation of the 36 frequencies of coupling (Pi) of the bispectrum calculated every 20 s for one child s EEG (MatBis).’
Fig 2
BIS values at different plasma propofol concentrations.
Fig 3
BIS values according to age of children at plasma propofol concentration of 6 mcg ml  on the top, of 4 mcg ml  in the middle and of 2 mcg ml· 1− · 1− · −
 on the lower graph.1
Fig 4
Change in children s position in the structured model of the multiple correspondence analysis during decrease in plasma propofol concentration.’
The structure model is the same used for sevoflurane (SEVO) and desflurane (DES) in previous studies ( , ). Larger dots represent steady state.1 4
The units of axes F1 and F2 are arbitrary.
Table 1
Physiological variables at different plasma propofol concentrations
Awake 6 mcg ml· 1 4 mcg ml· 1
SBP mmHg 114 (87 147)–  (121-76)91  (73 112)90 –
DBP mmHg 60 (42 89)–  (39 76)47 –  (30 70)46 –
MAP mmHg 72 (55 94)–  (50 86)57 –  (44 79)56 –
HR bpm 82 (45 115)–  (40 104)81 –  (49 99)75 –
SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; MBP: Mean Blood Presure; HR: Heart Rate
